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Abstract
In this paper, we investigated the way of representing the concept of entropy in word. At first, we pointed out the problem that 
the verbal expression does not accurately represent the entire concept of entropy. Secondly we examined the correlation between
the thermodynamic entropy calculated from the particle animations simulating the molecular motion and the psychological
quantity obtained by showing those animations to participants. As a result, we found that the representation of the word "degree
of diffusion" has relatively higher correlation with the entropy value.
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1. Introduction
The concept of the entropy was established as the second law of thermodynamics by Clausius and Boltzmann and
others. Originally, the concept of entropy has been used for explaining the irreversibility of the heat cycle and for the
caloric calculations of heat engine. Nowadays, the concept of entropy has been stretched to many other fields such
as information science or economics [1] -[4]. Because of its wide range of application, the concept of entropy may
be interpreted in a variety of way, and it is difficult to understand its essence precisely. Therefore, in instructional
situation, especially in thermodynamics education, how you express the concept of entropy become very important 
to improve students understanding. Numerical formula expression, verbalization and sight expression is considered 
as expression methods of the entropy concepts. However, in case of explaining the abstract aspects of entropy, 
verbal expression takes important role.
In this study, we focused on verbalization which is important for explaining the abstract aspects of the concept of 
entropy, and explored the better expression for the concept of entropy. At first, we reviewed and discussed the verbal
expressions for entropy which is commonly used in textbooks. Then, we pointed out the problem for each verbal
expression. Secondly, we conducted an experiment in which we showed our participants paired animation,
simulating molecular motion with different entropy along with several verbal expressions. Participants were asked
which animation seems to be more suitable for each verbal expression, in pairwise-comparison manner. Relation
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between the experimental results, which indicate subjective suitability of verbal expression and the actual entropy of 
animation, was discussed. 
2. Volume Dependent Entropy and Temperature Dependent Entropy and Their Verbal Expression 
The concept of entropy may be largely divided into two categories. One of which is volume dependent entropy 
and the other is temperature depend entropy. This concept can be expressed by the following equations. Eq.(1) is the 
change of volume dependent entropy, and eq.(2) is the change of temperature  dependent entropy. 
                                                                                                                                        
                                                                                                               (1) 
 
                                                                                                               (2) 
 
in which S is entropy, V is volume and T is temperature and where subscript l means the state of low entropy and 
subscript h means the state of high entropy. Nk is proportionality factor in which N is number of molecules  and k is 
Boltzmann constant.  
Fig.1 illustrates the change of molecular(particles) motion related to the change of volume dependent entropy. 
Fig.2 illustrates the change of molecular motion related to the change of temperature dependent entropy (The higher 
the temperature is, the faster the particle velocity is). In each case, the length of the arrows indicate the velocity of 
molecular(particles). 
Considering the relation between the words which express the state of entropy and two types of entropy above, 
following assumptions were derived. In the case of volume dependent entropy (illustrated in Fig.1), if we asked 
 are commonly used as verbal 
expression for high entropy state related to thermal intensiveness) to people who are unfamiliar with entropy, we 
assume that it is likely for them to answer Fig.1-A, albeit Fig.1-B has the higher entropy. That is because if we 
compare Fig.1-A and B, molecules in Fig.1-A seems to be crammed into small region, and thus feel higher 
.1-A.  
                                                   A (state of low entropy)              B (state of high entropy) 
Fig. 1.  Entropy change related to the volume change (Volume  Dependent Entropy) 
 
 
 
 
 
 
 
 
 
                                                     A (state of low entropy)      C (state of high entropy) 
 Fig. 2.  Entropy change  related to the temperature change (Temperature Dependent Entropy) 
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Fig. 3. Molecule Movement Animation 
 
On 
extensiveness), we assume that they are likely to choose Fig.2-A, although Fig.2-C has larger entropy than Fig.2-A. 
people may avoid choosing Fig.2-C for those terms, which have higher temperature and intensiveness, resulting in 
stronger impression. 
3. Experiment on Relation Between the Entropy Value and the Quantity of Sensitivity Caused by Verbal 
Expression 
Based on assumptions above, we conducted an experiment investigating the relation between thermodynamic 
entropy value and subjective quantity caused by verbal expression. We made eight animation patterns simulating 
molecular motion with different molecular speed (Temperature), and different area of molecular motion (volume). 
We showed our participants with two animations along with verbal expression, and asked which of two animations 
is more suitable for the verbal expression. Combination of the animation patterns were varied in pairwise-
comparison manner. 
3.1. Methods 
3.1.1. Participants. 
142 students of Kanagawa Institute of Technology participated in the experiment for course credit. They were all 
native or well-trained Japanese speakers. According to their learning curriculum, we assumed that they were not 
familiar with the concept of entropy at the time of experiment. 
3.1.2. Stimuli and apparatus. 
Creation of animation patterns and control of their presentation were done by animation creation software 
(Adobe Flash MX). Participants viewed the animation patterns which were projected on a screen(Fig. 3). 
There were eight patterns for molecular motion animation. The velocity of molecule or the range of their motion 
was varied. Table 1 shows the parameter settings for animation patterns. 
3.1.3. Procedure. 
Participants were presented with two animation patterns at a time, side by side. The order of the presentation, 
combination of the animation patterns was pre-ordered. Participants were asked to compare two animation patterns 
projected on a screen, and choose which of two animation patterns seems to be more adequate for five verbal 
expressions, listed on response sheet. 
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Table 1. Variables of each animation patterns 
 
Table 2. The amount of sensibility by Thurstone's paired comparison 
Pattern Degree of the Randomness 
Degree of the 
Fuzziness 
Degree of the 
Activeness 
Degree of the 
Diffusion 
Degree of the 
Elusiveness Entropy 
a -0.79 -0.31 -0.88 -1.52 -0.72 1.00 
b -0.74 0.14 -1.29 -0.28 -0.71 1.81 
c -0.54 0.35 -1.84 0.92 -0.59 2.39 
d 0.61 -0.29 1.87 -1.05 0.63 2.39 
e 0.73 -0.05 1.33 0.36 0.66 3.20 
f 0.72 0.26 0.85 1.65 0.68 3.77 
g -0.09 -0.29 0.68 -1.39 0.02 1.81 
h -0.07 0.41 -0.75 1.29 0.03 3.20 
 
Table 3. Comparison by correlation coefficients 
  Degree of the Randomness 
Degree of the 
Fuzziness 
Degree of the 
Activeness 
Degree of the 
Diffusion 
Degree of the 
Elusiveness Entropy 
Entropy 0.76 0.60 0.37 0.85 0.74 1.00 
Temperature 0.99 -0.14 0.92 0.23 0.99 0.70 
Volume 0.09 0.97 -0.39 0.97 0.05 0.70 
 
 
-sa (in 
boyaketa-kanjino- -
-  (The difficulty of catching the moving particles) 
[=tsukamaeniku- on patterns separately for each verbal expression, 
thus, five responses per one animation pair presentation were made. Therefore, fifteen variations of comparison 
were made. 
3.2. Experimental Results and Discussion 
The amount of sensibility of eight animation patterns for five verbal expressions were obtained according to 
Thurstone's paired comparison. Table 2 shows the result of Thurstone's paired comparison, weightings of each 
animation patterns, along with entropy value of each animation patterns. Based on the result shown in Table 2, we 
㻌  
Animation Pattern 
a b c d e f g h 
Particle Velocity w 1 1 1 2 2 2 1.5 1.5 
Temperature  273 273 273 1093 1093 1093 615 615 
Volume  1 2.25 4 1 2.25 4 1 4 
Entropy  1.00 1.81 2.39 2.39 3.20 3.77 1.81 3.20 
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took correlation between the actual entropy value, temperature and volume and weighting (which we consider as 
subjective suitableness of the animation pattern to the verbal expression). Results are shown in Table 3.  
The verbal expression with highest correlation to the entropy value 
coefficient of correlation was 0.76 and 0.74, respectively. These three verbal expressions seem to represent entropy 
value. If we take a look on 
.99) with temperature, however, they showed 
little or no correlation between volumes. This result indicates that, as we discussed earlier, verbal expression of 
-  dependent entropy, but do not 
represent the volume dependent 
commonly used in textbook or study guide as an indicator of entropy, seems not to be explaining the concept of 
entropy adequatel
correlation for the temperature, but not for the volume.  
co
seems to be a suitable verbal expression for the volume dependent entropy, rather than the temperature dependent 
entropy. Although verbal ex
(correlation coefficient of 0.92), it showed negative correlation with volume (-
mperature dependent entropy. 
 showed positive correlation with both the temperature and volume.  The 
relatively well than other verbal expressions. 
4. Summary 
In this paper, we investigated the better verbal expression for describing the concept of entropy. At first, we 
discussed the aspects of commonly used verbal expressions for describing the concept of entropy, and assumed that 
those expressions do not represent the concept of entropy well enough. To test this assumption, we conducted an 
experiment, showing our participants pair of animation patterns simulating molecular motion with different 
temperature and volume. We asked our participants to choose adequate animation pattern for five commonly used 
tropy 
which is commonly used for describing the concept of entropy, showed correlation only with the temperature 
dependent entropy, the volume dependent entropy, respectively. Thus we assumed that those verbal expressions are 
not adequate enough for describing the concept of entropy as a whole  
References 
[1] Fast JD. Entropy. Holland: N. V. Philips' Gloeilampenfabrieken, Eindhoven; 1968. 
[2] Greven A, Keller G, Warnecke G. Entropy. USA: Princeton University Press; 2003. 
[3] Kamata S. Gazo Syori (in Japanese). Japan: Sience Corp; 2003. 
[4] Atkins PW. THE SECOND LAW. USA: W. H. Freeman and Company; 1984. 
